Retinoic acid (RA) and sodium butyrate (NaB) are regulators of cell growth and differentiation. We studied their effect on normal (SVC1) or v-Ki-rastransformed (Ki-SVC1) rat seminal vesicle (SV) epithelial cell lines. The treatment of these cells with 10 7
INTRODUCTION
The epithelial seminal vesicle clone 1 (SVC1) cells and their v-Ki-ras-transformed counterpart (Ki-SVC1) are cell lines derived from the rat seminal vesicle (SV) androgen-dependent secretory epithelium (Ostrowski et al. 1979 , Mansson et al. 1981 , Tajana et al. 1984 . The main morphological, biological, and biochemical characteristics of these cells have been described previously (Tajana et al. 1984 , Spina et al. 1993 . Following their establishment as an immortalized cell line, the SVC1 cells have been kept in culture for the past 15 years with a total of about 300 passages. During this time a typical differentiation feature of these cells, namely their ability to synthesize and secrete into the medium the protein SV-IV under androgen control, progressively decreased until it disappeared completely (Ostrowski et al. 1979 , Mansson et al. 1981 , Tajana et al. 1984 , Spina et al. 1993 .
A few years ago, Chambon's group demonstrated the importance of the RA (retinoic acid)/RARs (retinoic acid receptors) signaling pathway in the seminal vesicle epithelial cell differentiation during mouse embryonic development (Lohnes et al. 1993) .
RA is a well known regulator of growth and differentiation in a variety of normal or neoplastically transformed cells, both in vivo and in vitro (De Luca 1991 , Lopez-Boado et al. 1994 , Peverali et al. 1996 . No information, however, is available either on the ability of SVC1 and Ki-SVC1 cells to express RARs or on the role played by RA in the control of growth and differentiation in these cells. RA also has the ability to induce a marked tissue transglutaminase (tTGase; EC 2·3·2·13) expression in different cell types, including cells undergoing differentiation or apoptosis (Cai et al. 1991 , Zhang et al. 1995 , Borge et al. 1996 . Interestingly, it has been suggested that this enzyme plays an important role in the molecular mechanism of programmed cell death (PCD) (Gentile et al. 1992 , Melino et al. 1994 . Recent work has also demonstrated the functional redundancy in RAR function, the importance of RAR , , and in the induction of tTGase activity and apoptosis, and the role of RARs in the regulation of a differentiation-apoptosis switch in human neuroblastoma cells (Chiba et al. 1997 , Melino et al. 1997 , Ferrari et al. 1998 .
Sodium butyrate (NaB) is known to influence markedly the processes of cell growth and differentiation (Toscani et al. 1988 , Staiano-Coico et al. 1990 , Rocchi et al. 1992 , Utesch et al. 1993 , Saito et al. 1994 . Butyrate-induced differentiation was also observed in several types of transformed cells (Kruh 1982) and was usually associated with growth arrest (Staiano-Coico et al. 1990 , Rocchi et al. 1992 , Utesch et al. 1993 . Several studies have demonstrated that, in other in vitro culture systems, NaB induces growth arrest followed by apoptosis, rather than differentiation (Hague et al. 1995 , Soldatenkov et al. 1998 .
Additionally, numerous data reported in the literature suggest the possibility of potentiating the differentiation-inducing activity of RA by combining RA treatment with NaB (Warrell et al. 1993 , Taimi et al. 1998 .
The aim of this study was to evaluate the expression of RARs in normal SVC1 and ras-transformed Ki-SVC1 epithelial cells, and the effects of RA and NaB/RA in combination on their growth and differentiation. Our results demonstrate that these cells, unresponsive to RA stimulation, responded to RA/ NaB treatment with: (1) apoptosis-independent growth arrest; (2) morphological cell differentiation; (3) a marked increase in tTGase gene expression; (4) down-regulation of RAR and mRNAs; (5) no changes in the expression of the genes encoding RAR , v-Ki-ras p21 and SV-IV. The significance of these findings and the features of a possible mechanism of action are discussed.
MATERIALS AND METHODS

Cell culture
The SVC1 cells have been derived from rat seminal vesicle epithelium (Tajana et al. 1984) , while the Ki-SVC1 cells were obtained by transformation of the SVC1 cells with the Kirsten ras-containing virus (Spina et al. 1993 ). Both cell types had a doubling time of about 20 h (Spina et al. 1993) and were cultured as monolayers at 37 C in an humidified atmosphere of 5% CO 2 -95% air in Dulbecco's modified Eagle's medium (DMEM) supplemented with 5% fetal calf serum, 2 mM glutamine, 100 U/ml penicillin, and 100 µg/ml streptomycin (standard culture medium). The medium was changed every two days and, when required, the cells were treated with all-trans RA (Sigma, St Louis, MO, USA), or NaB (Sigma) or a combination of RA and NaB, using appropriate dilutions in DMEM of the original stock solutions in dimethyl sulfoxide (DMSO), and without changing the medium from the beginning of treatment to the end of the experiments. To minimize the possible isomerization of all-trans RA to cis-isomers, the experiments were performed in such a way as to protect the RA-containing solutions and the RA-treated cells from light. Controls of SVC1 or Ki-SVC1 cells were grown in standard culture medium in the absence of RA and NaB for identical lengths of time and in the presence of the same final concentrations of DMSO occurring in NaB/RA-treated cultures. No significant morphological or biochemical differences were detected between the NaB/RA-untreated control cultures grown either in the presence or in the absence of DMSO.
Cell proliferation assay
Cell proliferation was evaluated by [ 3 H]thymidine incorporation in DNA (Metafora et al. 1989) . The proliferation activity was expressed as c.p.m. 
DNA fragmentation analysis
The internucleosomal DNA fragmentation, a typical biochemical apoptotic event, was evaluated by agarose gel electrophoresis. One million cells were incubated in the standard culture medium at 37 C for different lengths of time in the presence or absence of 10 7 M RA, associated or not with 2 mM NaB. At the end of the incubation time the cells were harvested by a cell scraper, centrifuged at 2000 r.p.m. for 10 min, washed in PBS, and finally suspended in 100 µl TNE buffer (150 mM sodium chloride, 10 mM EDTA, and 10 mM Tris-HCl, pH 8). The cell suspensions were lysed with 3 volumes of lysis buffer (0·2% SDS and 50 µg/ml RNase in TNE) and the lysates were incubated at 37 C for 1 h. High molecular weight genomic DNA was extracted from lysates and analyzed by electrophoresis (2 h, 80 V) on ethidium bromidecontaining 1·5% agarose gel in Tris-acetate-EDTA (TAE) (Sambrook et al. 1989) . TUNEL (TdT-(terminal deoxynucleotidyl transferase)-mediated dUTP-biotin nick end labeling) analysis was performed as reported elsewhere (Schwartz & Osborne 1995) .
tTGase assay
Cells, washed 3 times with PBS, were scraped by a policeman from Petri dishes in the presence of TE (1 mM EDTA in 10 mM Tris-HCl, pH 7·4), centrifuged, resuspended in the same buffer at a final concentration of 25 10 6 /ml, and then sonicated at 4 C for 20 s. The tTGase activity of sonicates was evaluated by measuring the 14 C-spermidine incorporation into N,N -dimethylcasein (DMC). The incubation mixture contained, in a final volume of 100 µl, 100 mM Tris-HCl (pH 7·5), 10 mM dithiothreitol, 0·25 µCi 14 C-spermidine (Spd: 101 mCi/mmole; Amersham International, Amersham, Bucks, UK), 40 to 80 µg sonicate protein and, where indicated, 2·5 mM CaCl 2 , 20 mg/ml DMC, and 5 mM EGTA. After 30 min incubation at 37 C, the reaction was terminated by the addition of 10 µl 1 M unlabeled Spd and 1 ml ice-cold 10% trichloroacetic acid (TCA). The TCA-precipitated material, washed 3 times with 1 ml cold 10% TCA, was dissolved in 100 µl 1 M NaOH and its radioactivity was measured in a Packard liquid scintillation counter.
Reverse transcription-polymerase chain reaction (RT-PCR) analysis
Total RNA, isolated by RNAZOL B (Biotec Laboratories, Ipswich, Suffolk, UK), was transcribed by reverse transcriptase (Superscript II, 400 units; Gibco-BRL, Milano, Italy) at 37 C for 1·5 h according to the manufacturer's protocol. The reaction was terminated by heating the reverse transcriptase incubation mixture at 95 C for 5 min followed by quick chilling at 2 C. Negative controls for the amplification reactions were obtained by performing RNA transcription in the absence of reverse transcriptase. Six hundred nanograms complementary DNA (cDNA) obtained by reverse transcription of total RNA were amplified in a reaction mixture containing, in a final volume of 50 µl, 10 mM Tris-HCl (pH 8·3), 1·5 mM MgCl 2 , 50 mM KCl, 200 µM dNTP, 2·5 units Taq DNA polymerase (Boehringer Mannheim, Rotkreuz, Switzerland), and 100 ng of both sense and antisense primers for mouse tTGase (sense 5 -TCAAGTATGGCCAGTGCTGGGTCTTCGC CG-3 and antisense 5 -TTAAACTGGCTCC ACGAGGA-3 ), mouse RAR , and (sense 5 -CAGTCAAACTTAGCCAGAGTTCC-3 ; antisense 5 -GCTTGAGGGCGAAAATTAT CTATGC-3 ; sense 5 -GCCTCACATGTTT CCAAAGATCTTAATG-3 ; antisense 5 -GT CTTCAGAAACTTAACCAGGGCTAAATC-3 ; sense 5 -GGGCAAGTACACCACGAACTCC-3 ; antisense 5 -GGGGTGGGGGCCAGGCT TCGAGG-3 ), murine v-Ki-ras (sense 5 -TTT TACACAGCCAGGAGTCT-3 ; antisense 5 -TA GTGGCGTAGGCAAGAGTG-3 ), or rat SV-IV (sense 5 -TTATTGTCCAGTATAAGCGGAGT AG-3 ; antisense 5 -TTTGTGCTCATACCTTC CTCTTATC-3 ). The relative positions of these primers along the corresponding gene sequences (tTGase, RAR , , , v-Ki-ras, and SV-IV) imply that the PCR products are expected to be 581, 254, 576, 678, 513, and 1025 bp long respectively. As internal control, sense and antisense primers to mouse glyceraldehyde 3 -phosphate dehydrogenase (GAPDH) gene were added to the PCR assay mixture. PCR products synthesized by using a sense primer 5 -GGGCATCTTGG GCTACACTGAGGACC-3 and an antisense primer 5 -GGGGGCCGAGTTGGGATAGGG-3 were expected to include 362 nucleotides from the GAPDH cDNA template flanked by the primer sequences. The PCR reactions were performed in the exponential phase of amplification in a DNA thermal cycler (Perkin Elmer-Cetus Instruments, Norwalk, CT, USA), starting with a 3-min denaturation step at 95 C, and terminating with a final incubation for 10 min at 72 C. Thirty-five cycles of 1 min at 95 C, 1 min at 52 C, and 1·5 min at 72 C, were used for tTGase, RAR , , and , and GAPDH. Co-amplification of the different cDNA sequences was performed by adding the GAPDH primers into the amplification reaction mixture 5 cycles later than the other primers, according to the 'primer-dropping' method (Wong et al. 1994) . Twenty-seven cycles (95 C, 45 s; 50 C, 45 s; 72 C, 1 min) and 30 cycles (95 C, 45 s; 50 C, 45 s; 72 C, 45 s) were used for v-Ki-ras and SV-IV respectively. The PCR products were analyzed by electrophoresis on ethidium bromidecontaining 1·2% agarose gel in TAE. The identity of these products was confirmed by direct DNA sequencing. The direct dideoxynucleotide chain termination reaction using dye terminator chemistry (Perkin-Elmer-Cetus) was performed according to the manufacturer's protocol. The primers used for sequencing were the same as those employed for PCR reactions and the products were analyzed by an ABI PRISM 377 DNA sequencer (Applied Biosystems, Foster City, CA, USA). No products were detectable in control amplifications performed in the absence of cDNA (data not shown). Quantitation of each PCR product was achieved by integrating the peak area obtained by densitometry of the ethidium bromide-stained agarose gels (software used: NIH image v.16). The ratio between the yield of each amplified products and co-amplified GAPDH allows a relative estimate of mRNAs levels in the samples analyzed.
Statistical analysis
The data have been reported as means ... (standard error of the mean) obtained from three separate experiments in which each point was performed in triplicate. The means were compared using analysis of variance (ANOVA) plus Bonferroni's t-test and a P value of less than 0·05 was considered significant.
RESULTS
The treatment of SVC1 and Ki-SVC1 cells with NaB/RA, but not with RA, induces apoptosis-independent growth arrest and morphological cell differentiation
The treatment of SVC1 and Ki-SVC1 cells with 10 7 M RA for 96 h produced only 11% inhibition in cell growth (Table 1) and no apparent change in cell differentiation (Fig. 1) . Significantly greater inhibition than that seen with RA alone was observed both with NaB alone (67%) and with the combination of NaB and RA (92%) ( Table 1 ). In the latter experimental conditions (the best for an optimal observation of the NaB/RA-induced effects), the morphological appearance of the treated cells changed dramatically, defining a phenotype strongly  1. Change in SVC1 and Ki-SVC1 cell morphology (phase contrast microscopy, 320 ) induced by the addition of RA and NaB in the culture medium. (A) SVC1 untreated cells; (B) SVC1 cells treated with 10 7 M RA for 96 h; (C) SVC1 cells treated with 2 mM NaB for 96 h; (D) SVC1 cells treated for 24 h with 2 mM NaB and then for 72 h with 2 mM NaB/10 7 M RA; (E) Ki-SVC1 untreated cells; (F) Ki-SVC1 cells treated with 10 7 M RA for 96 h; (G) Ki-SVC1 cells treated with 2 mM NaB for 96 h; (H) Ki-SVC1 cells treated for 24 h with 2 mM NaB and then for 72 h with 2 mM NaB/10 7 M RA. It is interesting to note that RA stimulation did not produce any detectable change in the morphology of either SVC1 or Ki-SVC1 cells (B and F) The treatment with NaB/RA was always preceded by treatment with 2 mM NaB for 24 h. *P<0·05, **P<0·01 vs the respective control values.
resembling the original seminal vesicle epithelial cells in primary culture (Tajana et al. 1984) . The NaB/RA-treated cells became flat, large, and rounded, with many granules scattered in an abundant cytoplasm, a central intact nucleus, and short cytoplasmic extensions protruding from the cell surface (Fig. 1C) . These cells produced confluent monolayers, whose confluence was more related to the large increase in cell size than to the increase in cell number. Similar results were obtained when the cells were treated with NaB (2 mM; 96 h) (Fig. 1) . When the cells were treated with RA, NaB or NaB/RA, biochemical signs of apoptosis, as classically defined by DNA laddering and TUNEL analysis, were not found (Fig. 2 and data not shown), while PCD was easily induced in both SVC1 and Ki-SVC1 cells following their exposure to other stimuli such as hydrogen peroxide (Fig. 2) , ethanol (data not shown), or bacterial porins (Buommino et al. 1999) .
Treatment with NaB/RA induces marked tTGase activity in both SVC1 and Ki-SVC1 cells
Treatment of SVC1 cells with 10
7 M RA for 96 h did not produce a significant increase in the tTGase activity of SVC1 cells, whereas the same treatment produced a significant increase (294%) in the tTGase activity in Ki-SVC1 cells (Table 2 ). The tTGase activity was calcium-dependent and was markedly reduced in the absence of the exogenous substrate, DMC. Treatment with NaB alone produced a moderate increase in the tTGase activity in both SVC1 (36%) and Ki-SVC1 (1742%) cells. Combining NaB and RA treatment produced a greater increase (731% and 3584% in SVC1 and Ki-SVC1 cells respectively), which was particularly evident in the transformed cells (Table 2) . SVC1 and Ki-SVC1 cells express RAR , differentially express RAR , but do not express RAR mRNA; NaB/RA treatment induces tTGase mRNA expression and RAR and mRNA down-regulation By using a semi-quantitative RT-PCR analysis, we found that the tTGase mRNA is not expressed in the untreated SVC1 and Ki-SVC1 cells; treatment with NaB/RA produced a strong induction of this mRNA in both cell types (Fig. 3) .
RAR , , and mRNAs were evaluated by the same technique. RAR mRNA was undetectable in both SVC1 and ras-transformed cells treated or not with NaB/RA (data not shown). RAR mRNA, undetectable in the Ki-SVC1 cells (Fig. 4) , was present in the untreated SVC1 cells (Fig. 4) ; its amount, as measured by densitometric analysis, decreased about fivefold in the latter cells after treatment with NaB/RA (Fig. 4) . RAR mRNA, even though highly represented in both SVC1 and Ki-SVC1 cells before NaB/RA treatment, was strongly decreased in the treated cells (Fig. 5) .
NaB/RA treatment does not change the amount of SV-IV mRNA in SVC1 and Ki-SVC1 cells, or the level of v-Ki-ras mRNA in Ki-SVC1 cells
SV-IV is a typical androgen-dependent protein marker of the rat seminal vesicle secretory epithelium (Ostrowski et al. 1979 ). This marker is not expressed by the SVC1 and Ki-SVC1 cells, even when the cells are grown in the presence of androgens. In order to verify whether the expression of the SV-IV gene was under RA/RAR control, we measured the levels of SV-IV mRNA in untreated and NaB/RA-treated cells by RT-PCR. It was found that the NaB/RA treatment did not induce SV-IV mRNA either in SVC1 or in Ki-SVC1 cells (data not shown).
By semi-quantitative RT-PCR, we demonstrated that NaB/RA treatment did not produce any significant change in the expression of v-Ki-ras mRNA in the ras-transformed cells (data not shown).
DISCUSSION
Treatment with NaB alone or with NaB/RA, but not with RA alone, was effective in inducing morphological signs of differentiation and downregulation of cell growth in our in vitro culture system. It was, however, not sufficient to trigger apoptosis. This is not so surprising, because both  2. Increase of tTGase activity in SVC1 and Ki-SVC1 cells after treatment for different lengths of time with 2 mM NaB, or 2 mM NaB/10 7 M RA, or 10 7 M RA The increase, in percent, is relative to the untreated control. The treatment with NaB/RA was always preceded by treatment with 2 mM NaB for 24 h. *P<0·05, **P<0·01 vs the respective untreated control.
RA and NaB produce similar effects in other in vitro culture systems (Toscani et al. 1988 , Staiano-Coico et al. 1990 , De Luca 1991 , Rocchi et al. 1992 , Utesch et al. 1993 , Lopez-Boado et al. 1994 , Saito et al. 1994 , Borge et al. 1996 , Peverali et al. 1996 . What is rather surprising is the lack of effects of RA treatment on our cells, because retinoids and some of their receptors have been recognized, long ago, to have major effects on cell proliferation and differentiation, and they have also been implicated in the regulation of PCD both in vivo during embryo development and in vitro in many normal or transformed cell lines (Lotan 1990 , De Luca 1991 , Linney 1992 , Lopez-Boado et al. 1994 , Zhang et al. 1995 , Peverali et al. 1996 , Spanjaard et al. 1997 . It is possible that at the basis of the unresponsiveness of our cells to RA treatment there is some biochemical peculiarity of the RA/RAR signaling pathway that can be partially overcome when RA is administered in combination with NaB.
The features of the morphological changes of the NaB/RA-treated cells (most notably, the increase in size and the flattening) suggest that a structural  3. Semi-quantitative RT-PCR evaluation of the relative levels of tTGase mRNA present in the total RNA prepared from SVC1 or Ki-SVC1 cells treated or not (control) for 96 h with either 10 7 M RA alone or 2 M NaB alone, and for 24 h with 2 mM NaB and then for 72 h with 2 mM NaB/10 7 M RA. A PCR product of the expected size of 581 bp corresponding to tTGase-specific cDNA is present only in SVC1 and Ki-SVC1 NaB/RA-treated cells. Densitometric analysis of ethidium bromide-stained agarose gel (software used: NIH image v.16) was performed to quantitate the amount of tTGase mRNA present in the total RNA prepared from the different cell samples. The tTGase/GAPDH F.I. (fluorescence intensity) ratios are 0·28 0·05 and 0·23 0·06 for SVC1 NaB/RA and Ki-SVC1 NaB/RA respectively. Further experimental details are in Materials and Methods.
 4. Semi-quantitative RT-PCR evaluation of the RAR mRNA level present in the total RNA prepared from SVC1 or Ki-SVC1 cells treated or not (control) for 24 h with 2 mM NaB and then for 72 h with 2 mM NaB/10 7 M RA. A PCR product of the expected size of 576 bp corresponding to RAR -specific cDNA is present only in SVC1 control and SVC1 NaB/RA-treated cells. Densitometric analysis of ethidium bromide-stained agarose gel (software used: NIH image v.16) was performed to quantitate the amount of RAR mRNA present in the total RNA prepared from the different cell samples. The RAR /GAPDH F.I. (fluorescence intensity) ratios are 1·44 0·10 and 0·15 0·02 for SVC1 and SVC1 NaB/RA respectively. Further experimental details are in Materials and Methods. rearrangement of the cytoskeleton could have played an important role in the molecular mechanism of this differentiation process (Higgins & Ryan 1989 , Staiano-Coico et al. 1990 , Gentile et al. 1992 , Carter & Bellido 1999 . A recent work, demonstrating that cytoplasmic actin is an abundant glutaminyl substrate for tTGase (Nemes et al. 1997) , points also to the possibility that the highly active tTGase induced in SVC1 and Ki-SVC1 cells by NaB/RA treatment could have contributed significantly to such hypothesized cytoskeleton rearrangement.
tTGase is involved in various biological events, such as cell growth, differentiation, adhesion, apoptosis, etc. (Gentile et al. 1992 , Borge et al. 1996 , and its expression and activity have been demonstrated to be up-regulated by appropriate concentrations of RA or NaB (Lee et al. 1987 , Cai et al. 1991 . Here, we show that the treatment of SVC1 or Ki-SVC1 cells with NaB/RA induces a marked increase in tTGase enzymatic activity, particularly evident in Ki-SVC1 cells, and a substantial rise in the tTGase mRNA level. The discrepancy between normal and transformed cells in the increase in tTGase enzymatic activity and level of tTGase mRNA can be explained by differences in the amount of enzyme activity modulators (GTP, calcium ions, etc.) (Achyuthan & Greenberg 1987) , in tTGase stability, in tTGase mRNA half-life or translational efficiency. The lack of responsiveness of the tTGase gene to treatment with RA could be related to some biochemical peculiarity of the RA/RAR signaling pathway present in our cell lines. The combination of RA with NaB could have been effective in making this gene more responsive to the stimulus as a consequence of the nucleosome structure unfolding induced by the histone deacetylase inhibitory activity of NaB (Hirose 1998 , Walia et al. 1998 .
The NaB/RA-induced growth arrest, morphological differentiation, and increase in tTGase activity and expression were not associated with morphological and biochemical signs of PCD (Schwarz & Osborne 1995) . The lack of RA-induced apoptosis in the presence of NaB could also be related to a defective RA/RAR signaling pathway. We can hypothesize that the chromatin configuration of the apoptosis-associated genes in our experimental model was non permissive for the RA stimulus, even when the chromatin acetylation level was changed by the histone deacetylase inhibitory activity of NaB, probably because, in this in vitro culture system, RAR is constitutively unexpressed and uninducible by the stimuli used. Therefore, the up-regulation of tTGase induced in our in vitro culture system by NaB/RA treatment was related to a process of growth arrest associated with cell differentiation rather than with apoptosis. Consistent with this conclusion is the fact that the increase in TGase activity and expression is frequently found associated with ongoing processes of cell differentiation and reversal of malignant phenotypes (Metafora et al. 1988 , Johnson et al. 1994 . In addition, the relevance of tTGase in the biological  5. Semi-quantitative RT-PCR evaluation of the relative levels of RAR mRNA present in the total RNA prepared from SVC1 or Ki-SVC1 cells treated or not (control) for 24 h with 2 mM NaB and then for 72 h with 2 mM NaB/10 7 M RA. Densitometric analysis of ethidium bromide-stained agarose gel (software used: NIH image v.16) was performed to quantitate the amount of RAR mRNA present in the total RNA prepared from the different cell samples. The RAR /GAPDH F.I. (fluorescence intensity) ratios are 0·92 0·07, 0·13 0·02, 1·00 0·14, and 0·21 0·03 for SVC1, SVC1 NaB/RA, Ki-SVC1, and Ki-SVC1 NaB/RA respectively. For experimental details see Materials and Methods. processes of cell growth and differentiation is supported by recent experiments that demonstrate the intracellular role of this enzyme as a GTP-binding protein transducing extracellular signals important for the control of cell growth and differentiation (Nakaoka et al. 1994 , Gentile et al. 1997 .
De Luca and his co-workers demonstrated that RA is a potent inducer of tTGase in NIH-3T3 cells (Cai et al. 1991) . These authors have also shown that the transformation of these cells with ras oncogenes (H-ras, Ki-ras, and N-ras) abrogated the retinoic acid induction of tTGase (Kosa et al. 1993) . They suggested that, in their case, the loss of transcriptional activity of the tTGase gene in ras-transformed cells might be due to a chromatin rearrangement induced by the ras transformation (Kosa et al. 1995) . In contrast, in our in vitro culture system the transformation of SVC1 cells by the ras oncogene did not interfere with the ability of RA to induce tTGase activity and expression in the RA-treated cells, and made these cells even more responsive to RA stimulation, but only when the stimulus was administered in association with appropriate concentrations of NaB (see Table 2 ).
NaB/RA treatment of SVC1 and Ki-SVC1 cells did not change either the expression of SV-IV mRNA in normal or ras-transformed cells or the expression of v-Ki-ras mRNA in ras-transformed cells. The first finding is probably related to the unresponsiveness of the SV-IV gene to NaB/RA. The unmodified quantity of v-Ki-ras mRNA present in the NaB/RA-treated Ki-SVC1 cells suggests that the expression of the v-Ki-ras gene in these cells is insensitive to the action of NaB and RA and, therefore, cannot be involved in the molecular mechanism at the basis of their effects on cell growth and differentiation.
It has been reported that RAR is the major RAR transcript expressed in the mouse seminal vesicle, whereas RAR and RAR mRNAs are barely detectable (Lohnes et al. 1993) . The levels of expression of RAR and in SVC1 cells or their ras-transformed counterpart, and that of RAR in the ras-transformed cells, are consistent with these data. In contrast, RAR was significantly expressed in untreated SVC1 cells and markedly down-regulated in the same cells treated with NaB/RA. The lower amount of RAR mRNA in NaB/RA-treated cells compared with the untreated cells is probably related to a receptor down-regulation induced by the relatively high concentrations of NaB/RA used in the experiments. The decrease in RAR mRNA could represent an important event in the molecular mechanism underlying the apoptosis-independent growth arrest and the morphological and biochemical differentiation processes observed in NaB/RAtreated cells. A decreased expression of RAR has been reported to be associated with RA-induced differentiation of a tumoral cell line (Lazega et al. 1993) . Other experimental conditions have been described in which a down-regulation of RAR and an up-regulation of RAR were associated with apoptosis of RA-treated cells (Ferrari et al. 1998) .
Although a high expression of RAR is usually associated with high levels of TGase activity (Zhang et al. 1995) , the up-regulation of tTGase expression induced by NaB/RA treatment of SVC1 and Ki-SVC1 cells does not appear to be related to the interaction between RA and RAR , because the latter is not expressed in our experimental model. Also, in this case a biochemical peculiarity of the RA/RAR signaling pathway could be at the basis of the lack of RAR expression associated or not with tTGase stimulation after the cells' treatment with RA or NaB/RA. The tTGase up-regulation seems rather to be a consequence of a cooperation between the ability of NaB to control gene expression by modulating the level of histone acetylation (see above) and the ability of reduced amounts of RAR to interact productively with specific RA responsive elements present in the promoter region of the tTGase gene (Glauber et al. 1991 , Arts et al. 1995 , Zhang et al. 1995 , Yan et al. 1996 , Melino et al. 1997 , Minucci et al. 1997 , Hirose 1998 , Walia et al. 1998 .
The molecular mechanism involved in the NaBor NaB/RA-induced growth arrest is not clear. It does not seem, however, to be the result of a generalized mechanism which non-specifically shuts down the expression of growth-associated genes; rather, it could be produced by a more specific mechanism which leads to both gene expression inhibition (c-myc, p53, thymidine kinase) and induction (c-fos, aP2) (Toscani et al. 1988) , and in which the ability of NaB to inhibit histone deacetylase could play an important role (Hirose 1998 , Walia et al. 1998 .
Finally, our results, by demonstrating the synergistic effect of appropriate concentrations of RA and NaB on cell growth and differentiation, may provide additional rationale for the use of combinations of these two bioactive chemicals in the differentiation therapy of leukemias (Hozumi 1998 , Taimi et al. 1998 , Saunders et al. 1999 , particularly if associated with other more conventional treatments (surgery, bone marrow transplantation, radiotherapy, chemotherapy).
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